treatment of a large amount of domestic animal feces, before use as manure, was studied, to solve the urgent problems in agriculture, for an increase in soil fertility,1~3) suppression of plant pathogens and prevention of environmental pollution of livestock and cultivated fields. Among soil-borne pathogens, common scab of potato is an unsightly but usually superficial blemishing of. potato tubers caused by the soil-inhabiting actinomycete, Streptomyces scabies (Thaxt.) Waksmanand Henrici.
However, very little is known about microorganisms antagonistic as to commonscab of potato. This paper describes the production of a potato commonscab-antagonistic biofertilizer from swine feces with a newly isolated strain, which grows predominantly in fresh swine feces and produces an antibiotic substance against the common scab pathogen during composting. 2397 
MATERIALS AND METHODS
Screening of potato commonscab-antagonistic actinomycetes available for composting of swine feces. For the screening of antibiotic-producing strains, plates containing swine feces extract agar medium(300g of swine feces was added to 800ml of tap water, left to stand for lOmin at room temperature, filtered through a sheet of gauze, supplemented with 1.5% agar, and then adjusted to pH 8.5 with 2n Na2CO3 before sterilization at 121°C for 30min) were inoculated with diluted suspensions of various samples of composted livestock feces, followed by incubation at 30°C for 5 days. The antibiotic activity of the isolated strains with Streptomyces scabies as a test organism was examined by the cross-streak method,40 using a glucose-starch nutrient bouillon medium (glucose, 20g; starch, 20g; beef extract, 5g; Polypepton 1 g; and NaCl 5g, per liter of distilled water).
Identification and characteristics of the selected strain.
The International Streptomyces Project (ISP) media recommended by Shirling and Gottlieb5) and the media recommendedby Waksman6) were used for taxonomic studies. The key in Bergey's Manual of Determinative Bacteriology (8th Ed.) was used for comparison of recognized genera and species of actinomycetes.
The cultures were observed after incubation at 30°C for 7 days.
Utilization of carbon sources was tested in Pridham and Gottlieb medium7*containing 1%of each carbon source.
The morphology of strain CH-33was observed under a scanning electron microscope, Model JSM25S (JEOL Co., Ltd.).
Test for antibiotic activity. Aculture slant of the isolated strain was inoculated into 100 ml of culture broth consisting of glucose 2g, yeast extract 0.05g, meat extract 0.1 g, CaCO3 0.4g, soybean protein powder 1 g, (NH4)2SO4 0.5g, KC1 0.4g, and K2HPO4 0.02g, in a 500ml shaking flask, cultivated at 30°C on a reciprocal shaker (120 strokes per min) for 96hr and then clarified by centrifugation (12,000rpm, 15min). The antibiotic activity of the supernatant (0.05ml), for 14 strains, was assayed by the paper-disc agar diffusion method. 8) Composting process for swine feces. The selected strain was inoculated onto a slant of swine feces extract agar medium and then incubated at 30°C for 5 days. The spores were inoculated onto a wheat bran mediumconsisting of wheat bran 25g, swine feces extract 27ml, and Ca(OH)2 0.9g, the moisture content being 60% (wt/wt), in a 500ml
Erlenmeyer flask, followed by incubation at 30°C for 2 weeks for the seed culture. As the viable count of the selected strain was over 10lo/g dry matter, it was used as the seed culture. The seed (1 x 1012 viable count/g) was inoculated at 5%into a mixture offresh swine feces 5kg, dried swine feces lkg and Ca(OH)2 90g, the moisture content being 60%, without sterilization or any additives in a shallow aluminum pan, followed by incubation at 30°C for 10 days. The treated swine feces was used as a fertilizer.
Analytical in composting process. The viable counts of actinomycetes and coliform bacteria were determined in the swine feces extract and desoxycholate agar mediumby the plate dilution method, respectively. The contents of total C and N were determined by means of dry combustion using a Yanaco CNcorder (MT 500). NH3-N, NO3-N, P2O5, K2O, ash and CEC were determind according to the soil and plant analytical methods.9) The antibiotic activity during the treatment process was assayed for an extract of60g of treated matter, with 120ml of tap water in a 500ml Erlenmeyer flask, kept at 4°C for 4hr and then filtered through gauze. After centrifugation (12,000 rpm, 15 min), the supernatant obtained was tested against Streptomyces scabies on a medium(yeast extract, 1 g; beef extract, 1 g; N.Z Amine type A, 2g; maltose, lOg; and agar 15g, per liter; adjusted to pH 7.2 with 1 n NaOH before sterilization at 1 10°C for 15min) by the paper-disc diffusion agar method.
Pot experiment on Brassica rapa var. perviridis. Humic volcanic ash soil from Kuroish, Kumamotoprefecture, was used. The pHof the soil was adjusted to pH7.0 with CaCO3, and then the soil was left to stand for 1 day at room temperature, the moisture content being maintained at about 60%of the water holding capacity. Treated feces, air-dried swine feces, rapeseed meal and ammoniumsulfate were used as fertilizers. The samples were previously airdried and crushed into pieces of about 1 mmin diameter.
The nitrogen content was varied i.e., none, 0.1, 0.2, 0.4, 0.8 and 1.6g N/600g soil/pot. Six hundred grams of soil was mixed with a sample and then poured into a 1 literplastic pot. To prevent deficiency symptoms, P2O5 0.6g and K2O0.2g were added to each pot. Twenty-five seeds of Komatsuna(Brassica rapa var. perviridis) were sprinkled uniformly. Seed were planted on December 1st and harvested on December30th, 1986. The tests were carried out in triplicate. Water was added to the pots every day in order to maintain about 60% water holding capacity. Random rotation as to the placement of the pots was also carried out every day to minimize the effect of location. All pots were cultivated at 25°C and a humidity of 70%in a thermostated greenhouse. Fresh weight was determined after 30 day-cultivation.
Pot tests for commonscab disease of potato. In a greenhouse at the Biotron Institute of Kyushu University, the autumnal crops wereplanted on September 1st and harvested at the end of November, 1986. The pot test was conducted in soil that had been used successively for commercial potato production for several years near Fukuoka city. The chemical properties of the soil were pH (H2O) 6.0, total nitrogen 0.2%, total organic-C 0.5%, C/N 2.5, moisture 15.7% and CEC 4.1meq. The soil was infected with Streptomyces scabies at 1 x 104 cell per gram, which was enough to cause commonscab disease on potato tubers in the pot test. The viable counts of Streptomyces scabies were determined by the plate dilution method,and the colonies wereconfirmedunder a microscope to be the pathogen. The treated feces was air-dried and then crushed into pieces of about 1 mmin diameter. The nitrogen content was varied, i.e., none, 0. 1, 0.2, 0.4, 0.8 and 1.6 g N/4kg soil/pot. Four thousand grams of soil was mixed with the treated swine feces as samples and then poured into 5 1-plastic pots. Water was added to the pots every day in order to maintain 60% water holding capacity in the soil. All pots were cultivated at 20°C in a thermostated greenhouse. After 3 month-cultivation, whether or not small scabs or other changes appeared on the surface of harvested potato tubers was determined.
RESULTS
Selection of potato commonscab-antagonistic actinomycetes useful for composting of swine feces About 400 actinomycete isolates were collected from the colonies on swine feces extract agar medium and then screened as to their antibiotic activity against Streptomyces
Potato CommonScab-antagonistic Biofertilizer The spores were ellipsoidal in shape and had a smooth surface. Sclerotic granules and sporangia were not observed. Strain CH-33 was identified as Streptomyces albidoflavus.
Antibiotic activity
The inhibitory zones against various mi- were examined by the paperdisc agar diffusion method, as shown in Composting process for swine feces with CH-33
The changes in the microbial population, moisture and chemical composition during swine feces treatment are shown in Fig. 1 . Initially, the moisture was maintained at about 60% (wt/wt).
The viable count of actinomycetes increased from 4 x 107/g wet matter to and from 2.4% to 2.1% as dry matter during the process, respectively, The composition of the product is shown in Table III . The antibiotic activity of treated swine feces against Streptomyces scabies was maximal after 6 days.
Pot experiment on Brassica rapa var. perviridis The relationship between the growth conditions for Komatsuna and the amount of nitrogen applied with the samples is shown in Fig. 2 . When a series of plant cultures was fertilized with ammoniumsulfate and rapeseed meal, inhibition by nitrogen was observed at a Inhibitory effect on commonscab of potato As shownin Fig. 3 , commonscab was never found on the surface of potato tubers. When treated swine feces was supplied as a fertilizer (0.1 g N/4kg soil), the complete inhibition of commonscab was observed and the tuber yield Whenhigher amounts of rapeseed meal and ammoniumsulfate were added, the plant growth was significantly inhibited. These data suggested that plenty of the biofertilizer could be supplemented to fields to increase plant growth. The C/N-ratio was about 13, i.e., suitable for a fertilizer and a soil improving agent.
Commonscab of potato, a serious soilborne disease caused by Streptomyces scabies at present, has long been knownto especially occur in the south-western part of Japan. In this warm region, potatoes are cultivated twice a year, spring and fall. As a result of the intensive successive planting without the addition of organic manure, the cultivated soil has become deficient in calcium and lower in pH. Due to the acidification of soil, the potato yield has gradually decreased.12) The addition of lime and manure to acidic soil is the most common methodfor reversing reduced potato production. However, this practice enhances the outbreak of common scab. 13 14) The pH of cultivated soil can be used as a criterion for determining whether common scab will be increased by liming, and when the soil pH is above 5.0 commonscab becomes severer.15) All the pot tests described here were carried out at a soil pH of7.0, with the addition of lime. The characteristics of the added biofertilizer tended to directly cause inhibition of potato scab and an increase in the yield of potato tubers. Thus, a plant pathogen-antagonistic biofertilizer with both a promotive effect on plant growth and also antagonistic activities against various kinds of plant pathogenic microorganisms could be developed in the near future.
The successful results obtained in a field test will be reported in the following papers.
